A Gram-stain-negative, aerobic, motile and rod-shaped strain, THG-DN7.3 T , was isolated from a waterfall. Strain THG-DN7.3
The genus Undibacterium, proposed by Kämpfer et al. (2007) , belongs to the family Oxalobacteraceae of the order Burkholderiales in the class Betaproteobacteria (Garrity et al., 2005) . The genus Undibacterium was originally proposed for Gram-staining-negative, rod-shaped, oxidase-positive, non-spore-forming, non-motile bacteria (Kämpfer et al., 2007) . Later, the genus description was emended as motile and sensitive to standard laboratory salt concentrations in physiological tests using API or Biolog systems (Eder et al., 2011) . Members of the genus Undibacterium possess isoprenoid quinone ubiquinone-8 (Q-8) as the major respiratory quinone, phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and diphosphatidylglycerol(DPG) as predominant polar lipids (Sheu et al., 2014) , C 16 : 0 , summed feature 3 (C 16 : 1 v7c/ C 16 : 1 v6c) and C 18 : 1 v7c as predominant fatty acids, and C 10 : 0 3-OH as the major hydroxyl fatty acid. The DNA G+C contents are 47.7-57.4 mol% (Kämpfer et al., 2007; Eder et al., 2011; Liu et al., 2013 , Sheu et al., 2014 . At the time of writing, the genus Undibacterium comprises eight species with validly published names (http://www. bacterio.net/undibacterium.html): Undibacterium squillarum and U. macrobrachii isolated from a freshwater shrimp culture pond (Sheu et al., 2014) , U. seohonense from freshwater (Kim et al., 2014) , U. jejuense from soil (Kim et al., 2014) , U. terreum from permafrost soil (Liu et al., 2013) , U. oligocarboniphilum from purified water (Eder et al., 2011) , and U. pigrum (type species) and U. parvum from drinking water (Kämpfer et al., 2007; Eder et al., 2011) .
isolate was preserved in glycerol solution (25 %, w/v) at 280 8C, and routinely cultured at 28 8C on R2A medium.
Extraction of genomic DNA was performed using a commercial genomic DNA extraction kit (Solgent). Amplification of the 16S rRNA gene was carried out with the universal primers 27F and 1492R (Lane, 1991) and the purified PCR products were sequenced by Solgent (Daejeon, Republic of Korea). The 16S rRNA gene sequence of strain T was compiled with SeqMan software (DNASTAR) and edited in the BioEdit program (Hall, 1999) . The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . In the subsequent phylogenetic analysis, CLUSTAL X software (Thompson et al., 1997) was used to align the 16S rRNA gene sequence of the novel strain with those of closely related members of the genus Undibacterium. Phylogenetic trees were reconstructed by using the neighbourjoining (Saitou & Nei 1987) and maximum-likelihood (Takahashi & Nei, 2000) algorithms available within the MEGA5 software package (Tamura et al., 2011) . The topology of each tree was evaluated by bootstrap analysis with 1000 replications (Felsenstein, 1985) . Genetic distances were calculated using Kimura's two-parameter model (Kimura, 1983) . For the measurement of DNA G+C content, genomic DNA was extracted and purified as described by Moore & Dowhan (1995) and the G+C content was determined using reverse-phase HPLC according to Mesbah et al. (1989) . In DNA-DNA hybridization tests, strain THG-DN7.3
T was used as probe DNA, U. jejuense KACC 12607
T was used as target DNA and the genomic DNA of Escherichia coli strain B (SigmaAldrich D4889) was used as a negative control. DNA-DNA hybridizations were performed fluorometrically, according to the method developed by Ezaki et al. (1989) with modifications (Stabili et al., 2008) , using photobiotin-labelled DNA probes and micro-dilution wells. DNA-DNA hybridization experiments were performed for strain T and the closely related reference strain U. jejuense KACC 12607
T . The optimum renaturation temperature (40 8C) was calculated as [(0.516 G + C content)+47]236 (Gillis et al., 1970) , where 36 8C is the correction for the presence of 50 % formamide (McConaughy et al., 1969) . Hybridizations were performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded, and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The nearly complete sequence (1444 bp) of the 16S rRNA gene was obtained. T was determined to be 40¡1.0 % (reciprocal 50¡2.1 %), which is lower than the threshold value of 70 % recommended for the definition of bacterial species (Wayne et al., 1987; Stackebrandt & Goebel, 1994; Tindall et al., 2010) . This low DNA-DNA relatedness suggests that strain T represents a novel species of the genus Undibacterium.
Cell morphology was observed at 611 000 magnification with a transmission electron microscope (JEM1010; JEOL) after negative staining with 0.5 % (w/v) uranyl acetate using cells grown for 2 days at 28 8C on R2A agar. The Gram-staining test was performed by using a Gram stain kit (bioMérieux) according to the manufacturer's instructions. Motility was tested on sulfide-indole-motility medium (SIM; Difco). Growth on R2A agar, nutrient agar (NA; Oxoid), tryptone soy agar (TSA; Difco), LuriaBertani agar (LB; Difco), marine agar (MA; BD) and MacConkey agar (BD) was also assessed. Growth at various temperatures (4, 10, 18, 25, 28, 30, 35, 37, 40 and 45 8C) was observed in R2A broth. The pH range for growth was observed for 7 days of incubation in R2A broth at a pH of 4.0-10.0 in intervals of 0.5 pH units. For the pH tests, two different buffers were used (final concentration, 100 mM): acetate buffer was used for pH 4.0-6.5 and phosphate buffer was used for pH 7.0-10.0. The following pH buffers were used to adjust pH values: C 2 H 3 NaO 2 / C 2 H 4 O 2 (for pH 4.0-6.5), Na 2 HPO 4 /NaH 2 PO 4 (pH 6.5-8.0) and Na 2 HPO 4 /NaOH (pH 8.0-10.0). Salt tolerance was determined in R2A broth supplemented with 0-5 % (w/v) NaCl (at intervals of 0.5 %). Growth was estimated by monitoring the optical density at 600 nm. After cells were grown for 2 days at 28 8C on R2A agar, catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N, N, N9, N9-tetramethyl-1, 4-phenylenediamine reagent. Anaerobic growth was tested in serum bottles containing R2A broth supplemented with thioglycolate (0.1 %), in which the air was substituted with nitrogen gas. Tests for hydrolysis were performed on R2A agar containing: aesculin In the above description, all tests were evaluated after incubation for 7 days at 28 8C, unless otherwise indicated. Carbon source utilization and enzyme activity were determined using API 32 GN and API ZYM kits (bioMérieux) according to the manufacturer's instructions.
Strain THG-DN7.3
T was Gram-stain-negative, aerobic, motile by means of single flagellum and rod-shaped (Fig. S2) . The isolate grew on R2A agar and NA, but not on TSA, MA, LB agar or MacConkey agar. Growth was observed at 4-30 8C (optimum 18-28 8C), at pH 6.0-8.0 (optimum pH 6.0-7.5) and in the presence of up to 1.0 % NaCl (optimum 0.5 %). Cells were positive for catalase and oxidase activities. Strain THG-DN7.3
T hydrolysed L-tyrosine, casein, starch and Tweens 20 and 80, but not DNA, aesculin, gelatin, chitin or CM-cellulose. Physiological characteristics of strain T are summarized in the species description and the comparison of biochemical and physiological characteristics of strain THG-DN7.3
T and the reference strains is shown in Table 1 .
For the analysis of cellular fatty acids, cells of strain THG-DN7.3 T and reference strains, U. jejuense KACC 12607 T , U. seohonense KACC 16656 T , U. parvum CIP 109317 T and U. pigrum CIP 109318 T , were cultured on R2A agar plates at 28 8C for 2 days, then biomass from the third quadrant of each plate was collected and used for the preparation. The cellular fatty acids were analysed by gas chromatography (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock Aerobic Bacterial Database (TSBA 6.1) (Sasser, 1990) . Freeze-dried cells for the analysis of polar lipids and isoprenoid quinones were produced from cultures grown for 4 days in R2A broth at 28 8C. Isoprenoid quinones of isolate THG-DN7.3 T and U. jejuense KACC 12607 T (used as standard) were extracted with chloroform/ methanol (2 : 1, v/v), evaporated under vacuum conditions and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane/quinone solution was purified by Sep-Pak vac silica cartridges (Waters) and subsequently analysed by HPLC as previously described (Hiraishi et al., 1996) . Polar lipids of strain THG-DN7.3 T and U. jejuense KACC 12607 T were examined by two-dimensional TLC (Merck Kiesel gel 60 F254 plates, 10610 cm) and identified as described by Minnikin et al. (1977) . Chloroform/methanol/water (65 : 25 : 4, by vol.) was used as the developing solvent for the first dimension, and chloroform/ methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) was the developing solvent for the second dimension. For detection of total and specific lipids, the plates developed in the solvent system were sprayed with 5 % molybdatophosphoric acid for total
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Burkholderia acidipaludis (Sheu et al., 2014) ; 9, U. squillarum KCTC 23917 T (Sheu et al., 2014) . All data were obtained from this study unless otherwise indicated. All strains were positive for the following reactions: oxidase, alkaline phosphatase, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. All strains were negative for the following reactions: salicin, melibiose, sorbitol and citrate. +, Positive; W, weakly positive; 2, negative. lipids, 0.2 % ninhydrin for aminolipids, molybdenum blue reagent (Sigma) for phospholipids and 2.5 % a-naphthol/ sulfuric acid for glycolipids, followed by drying at 120 8C.
The major cellular fatty acids (.5 %) of strain THG-DN7.3 T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) (47.4 %), C 16 : 0 (30.4 %), summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c) (6.8 %) and C 12 : 0 (6.2 %). The amount of C 16 : 0 and C 12 : 0 were relatively higher, which distinguished the fatty acids profile of strain T from the most closely related strain, U. jejuense KACC 12607
T . The cellular fatty acid profile of strain THG-DN7.3
T and the reference strains is shown in Table 2 . The major isoprenoid quinone of the isolate was Q-8, which is found in U. jejuense KACC 12607
T . The polar lipid profile of strain THG-DN7.3
T was composed of PE, PG, DPG and two unidentified lipids (L1-2) (Fig. S3) . The major polar lipids of the strain were PE, PG and DPG, which have been reported in other members of the genus Undibacterium. The presence of unidentified lipids L1 and L2, and absence of unidentified lipids L3-4 and unidentified phospholipid (PL) distinguished the polar lipid profile of strain T from that of U. jejuense KACC 12607 T (Fig. S3 ).
The characteristics of strain THG-DN7.3 T were consistent with descriptions of the genus Undibacterium with regard to morphological, biochemical and chemotaxonomic properties. On the basis of phylogenetic distances between strain THG-DN7.3
T and recognized species of the genus Undibacterium indicated by 16S rRNA gene sequence similarity values, the combination of unique phenotypic characteristics (Table 1) 
